Ventricular refractory period studies were performed in 12 consecutive and unselected patients using the ventricular extrastimulus method (V2) at basic ventricular cycle lengths (V1 V1). In six of 12 patients two types of retrograde gaps occurred. At relatively long V1 V2 intervals, ventriculo-atrial (V-A) conduction failed and then resumed at shorter V1 V2 intervals. The initial sites of retrograde block were the A-V node in two patients and the His-Purkinje system in four patients. In both groups, resumption of V-A conduction at shorter V1 V2 intervals occurred because of retrograde delay within the His-Purkinje system. Retrograde gaps differ from previously described antegrade gaps in A-V conduction: The site of initial block in A-V gaps is the His-Purkinje system and resumption of A-V conduction occurs at shorter A1 A2 intervals because of proximal delay in the A-V node (type I) or delay in the proximal His-Purkinje system (type II). In V-A gaps the site of initial block may be either the A-V node or the His-Purkinje system and resumption of V-A conduction always occurs due to delay within the distal His-Purkinje system. A common feature of both A-V and V-A gaps is the fact that delay of the more premature impulses allows time for previously refractory areas to recover excitability and both can be functional in nature. Only one of the 12 patients had both A-V and V-A gaps in conduction. Retrograde gaps in V-A conduction are more commonly observed than A-V encounter sufficient conduction delay proximal to the site of initial block. The A-V node is the site of proximal delay in type I gap as indicated by longer H1 H2 intervals of the conducted beats during resumed A-V conduction compared to prior blocked beats. In type II gap, however, the H1 H2 intervals of the conducted beats are shorter than previously blocked beats, indicating that the site of delayed conduction is below the recording site in the His bundle. The longer H2 V2 intervals of the conducted beats are consistent with delay of the premature impulse within the proximal HPS. The purpose of this report is to describe the occurrence of gap phenomena during retrograde conduction, to illustrate some differences between the antegrade and retrograde forms of these phenomena, and to further emphasize that gaps in conduction are seen in a setting in which a distal site of refractoriness exists and conduction is resumed when more premature impulses are delayed at any site proximal to the initial site of the block.
THE GAP PHENOMENON in atrioventricular
(A-V) conduction has been previously described in both canine' and human hearts.2`As originally described by Moe et al.,' the term "gap" was used to define a zone within the cardiac cycle during which premature atrial impulses failed to evoke ventricular responses. Atrial impulses outside that zone, however, maintained conduction to the ventricles. Clinically, two types of antegrade gap phenomena (arbitrarily designated as types I and II) have been described and characterized electrophysiologically.3' 7 Common to both types of gap phenomena are the following features: 1) within the "gap" zone premature atrial impulses (A2) block within some portion of the HisPurkinje system (HPS) and 2) resumption of A-V conduction results when more premature atrial impulses encounter sufficient conduction delay proximal to the site of initial block.
The A-V node is the site of proximal delay in type I gap as indicated by longer H1 H2 intervals of the conducted beats during resumed A-V conduction compared to prior blocked beats. In type II gap, however, the H1 H2 intervals of the conducted beats are shorter than previously blocked beats, indicating that the site of delayed conduction is below the recording site in the His bundle. The longer H2 V2 intervals of the conducted beats are consistent with delay of the premature impulse within the proximal HPS. The purpose of this report is to describe the occurrence of gap phenomena during retrograde conduction, to illustrate some differences between the antegrade and retrograde forms of these phenomena, and to further emphasize that gaps in conduction are seen in a setting in which a distal site of refractoriness exists and conduction is resumed when more premature impulses are delayed at any site proximal to the initial site of the block.
Methods
Right heart catheterization was performed in 12 patients in the nonsedated, postabsorptive state. All patients were 811 advised of the nature of the study, and a signed consent was obtained. After administering local anesthesia, a tripolar electrode catheter was percutaneously introduced into a femoral vein and fluoroscopically positioned in the region of the tricuspid valve. Electrical activity of the low interatrial septum, His bundle, and ventricle was recorded as previously described.8 The extrastimulus method,9'`was used to determine the functional properties of the atrioventricular conduction system. Using a digital stimulator capable of delivering rectangular impulses of 1.5 msec duration and adjustable milliamperage, the right atrium or right ventricle was paced at a basic cycle length (A1 A1 or V, V, and following every eighth basic driven beat a premature impulse (A2 or V2) was introduced at progressively decreasing (5-10 msec) intervals until refractoriness was encountered in either the atrial or ventricular muscle. During retrograde refractory period studies the minimum milliamperage (< 1 ma) which allowed reliable ventricular capture was used. Refractory period studies during antegrade and retrograde conduction were compared at the same basic cycle lengths.
Definition of Terms Antegrade Conduction
The A-H interval, measured from the beginning of low atrial electrogram to the beginning of the His bundle deflection, was taken as an approximation of A-V nodal conduction time (normal A-H for our laboratory is 60-140 msec). The H-V interval represented His-Purkinje conduction time and was measured from the onset of the His deflection to the onset of ventricular activation (normal for our laboratory 30-55 msec). The longest A1 A2 interval at which A2 does not conduct to the bundle of His.
ERP of the His-Purkinje system (HPS) The longest H1 H2 interval where A2 blocks within the HPS.
Functional refractory period (FRP) of the atrioventricular (A-V) conduction system
The shortest V1 V2 interval in response to a given range of A1 A2 intervals.
FRP of the A-V node
The shortest H1 H2 interval in response to two successive atrial impulses both propagated through the A-V node. The longest V, V2 interval at which V2 fails to propagate to the atria.
ERP of the A-V Node
The longest V1 H2 interval at which the retrograde His bundle deflection of the premature beat (H2) is not followed by atrial depolarization.
ERP of the HPS
The longest V, V2 interval at which the premature impulse blocks within the HPS. This can be determined only if the retrograde His bundle deflection of the premature beat is clearly identifiable prior to the blocked beats.
ERP of the Ventricular Myocardium
Longest S, S2 interval at which S2 does not evoke a ventricular response.
Functional Refractory Period (FRP) of the V-A Conduction System
The minimum interval betweeen two successive atrial responses (A, A2), both propagated from the ventricle.
FRP of the A-V node
The shortest A,A2 interval in response to two successive retrograde impulses, both propagated from the His bundle.
FRP of the HPS
The shortest V, H2 interval in response to any V, V2 intervals. to conduct to the ventricles, whereas, at still closer coupling intervals A2 successfully propagates and evokes a ventricular response. In the two types of gap phenomena described in man (type I and II), the ERP of some portion of the HPS exceeds the FRP of the A-V node13 so that A2 initially blocks within the HPS at shorter A1 A2 intervals. Resumption of A-V conduction results from delay of A2 in the A-V node (type I gap) or within the proximal HPS (type II gap), allowing time for previously refractory tissue to recover excitability.
The results of this study show that gap phenomena can occur during V-A conduction as well. V2 may initially block in the A-V node when the ERP of the latter exceeds that of HPS. A-V nodal block of V2 is recognized when a retrograde His deflection (H2) is not followed by an atrial depolarization (A2). At even shorter V1 V2 intervals, resumption of V-A conduction can occur if V2 encounters sufficient infra-His bundle delay such that it arrives at the A-V node when the latter is not effectively refractory. In this form of retrograde gap the V1 H2 intervals of blocked beats are shorter than those of conducted beats. 1) An essential requirement for the demonstration of both type I and type II gaps in A-V conduction is that the ERP of the HPS exceed the ERP and FRP of the A-V node. In most patients this requirement during antegrade conduction is not achieved because a) the ERP of the A-V node exceeds that of the HPS (six of 12 patients in this study) or b) the ERP of the HPS is never reached due to progressive increase in A-H interval with progressive decrease in A1 A2 interval (five of 12 patients in this study). In contrast some retrograde gaps (two of five in this study) occurred when the ERP of the A-V node exceeded that of the HPS. Thus a long ERP of the A-V node favors the demonstration of retrograde gaps but limits the demonstration of antegrade gaps.
2) Some patients may demonstrate initial block within the HPS during antegrade conduction but neither type of gap can be elicited because the ERP of the A-V node is quickly reached on further increasing the atrial prematurity (i.e., the ERP of the A-V node and the HPS are nearly equal). 
